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Civil Tiltrotor Applications Study

In 1983, an FAA-sponsored National Rotorcraft
Programn sought to identify improvements to the
national interurban transportation networks and
determined that conventional helicopters did not
have the potential to satisfy requirements because
of a lack of capacity, high operational costs, and
high noise levels. Tiltrotors, it was felt, offered better
potenual to improve interurban air transport service.

In 1985, FAA Administrator D. D. Engen proposed
a joint avil tltrotor study with NASA and DOD that
would capitalize on development of the military
V-22 tiltrotor and document the potential of the
commercial tiltrotor transport market.

This document summarizes the results of a MHEQV\
sponsored by FAA, NASA, and DOD on the mission
and applications of a civil tiltrotor.
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Summary

Highlights:

Natlonal Issues

V-22 technology addresses several national
Issues.

e U.S prominence in aviation

* Airport congestion relief

* Technical and industrial competitiveness
® Balance of trade

Market Summary

Civil tiltrotor is a unigue vehicle with a large
market potential, particularly in high-density
market. Pressurized versions show especially
high potential.

Tiltrotor is superior to multi-engine helicopters
under most conditions.

Twice the speed and longer range

*  Lower operating costs

* Better community acceptance

® Better passenger comfort

Tiltrotor is competitive with fixed-wing aircraft

under cerntain conditions.

* VITOL capability and time savings are key
to success

* Greater convenience could result in capture
up to 2/3 of high density markets

Market penetration depends on configuration,
economics and size. Assessment is difficult
because of new transportation system.

* Al new design: 300-1400 units

e V-22 derivatives: 50-700 units

Primary market 1s in North America (65%-75%]}.

Technical Summary

Six configurations analyzed (8-75 passenger).
* Includes V-22 derivatives and new designs
* All designs based on \-22 technology

V-22 derivatives with pressurized fuselages can
accommodate 50 passengers and meet design
range objective (600 nmij.

Passenger and community acceptance is antici-
pated {Low noise, vibration and emissions).

Tiltrotors can operate in current airspace; how-
ever, improvements are needed to exploit titro-
tor capabilities for competitive service.

Early development of certfication criteria is a
high priority.

Potential Risk Areas ldentified

Technical validation.

*  Pressurized composite fuselage
Competitive cost designs
Aerodynamic improvement
High performance configurations

Ceruficatnon validaton.

* Engine out criteria

*  Failure mode criteria
* Fhight deck operations
* All weather operation

Infrastructure.
* \eruport design, location, availability
s Adaption into National Airspace System

Operational charactenstcs.
* Route proving
¢ Jerminal access

Marketing.

* Public perception and acceptance (safety,
noise, nde comfort)

* Economic competitiveness

¢ Development of supporting infrastructure

e Business payoff 10 years plus
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.

Background: XV-15 and Vv-22 Potenuai commercial ultrotor service offers these

_ , advantages:
Titrotor awcraft combine features of helicopters and Over helicopters:

fixed-wing aircraft. They have the vertcal takeoff *  Higher cruise speed
and landing ability of the helicopter and the cruise e Lower noise
speed, range, and fuel economy of fixed-wing *  Lower vibraton

L]

aircraft. Superior economics

Tiltrotors achieve this by the use of rotors that oper- Qver fixed-wing transports ‘
ate like helicopter rotors dunng takeoff and landing, ¢ Convement downtown service
then ult to horzontal thrust to act like turboprop *  Operational flexibility

propellers during cruise. *  Competitive econamics

The military \-22 Osprey tiltrotor, on which this
study was based, 1s the result of more than 30 years
of titrotor development, starung with the Belt XV-3.
In 1977, two XV-15's were built as proof of concept
prototypes.

Funded by NASA and the Army, the XV-15's have
accumulated more than 800 hours of testing, and
they continue to serve as testbeds to refine tiltrotor
concepts, prove new components and systems,
and demanstrate the controllability, performance,
and community compatbility of tiltrotors.

The V-22 Osprey is now in full-scale development,
with its first fight scheduled for mid-1988. The \/-22
IS a multimission mifitary aircraft and a large quantity
are programmed for the Marines, Army, and Air
Force.

The \-22 Osprey has these features:
articulating wingtip rotors and naceltes
composite avframe

advanced cockpit and avionics
fly-by-wire control systems

folding rotors and wings

fixed-wing maintenance concepts

Thirty Years of Tiltrotor Progress
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Introduction Study Philosophy
This study resulted from a memorandum of agree- The study’s philosophical design is shown below.
ment among FAA, NASA, and DOD. The general The method involved determining those features of
objective of the MOA was: tiltrotors that were desired by the market, designing
“. . .to assess the broader implications of the a vehicle to fit those requirements, then assessing
V-22 aircraft development to the nation as a the difficulty, risk, and expense of achieving those
whole. This includes the potential for other features.
versions and sizes, both civil and military, Civil - . .
certification issues, civil production impact on This iterative process produced high-confidence
the defense industrial base and any indirect data: the questions of “what does the market
technology spinoffs. . want?” and ““what is its value?”’ are answered

relative to the competition,
This study addressed certain aspects of the general
objective. Boeing Commercial Airplane Company
(BCAC) was awarded a contract, teamed with Bell
Helicopter and Boeing Vertol.

Eight study tasks were defined: Marketing-Oriented Tasks: Engineering-Oriented Tasks:

! - Candidate Market Requirements: potential
markets and their operational and design 1. Candidate Markets
requirements. _l_

- Aircraft Funcoonal Characteristics: tittrotor

Missi Design 2. Aircraft Functional
configurations and performance characteristics. ISsions _lll.ll.”u Objectives Characteristics

I - Facility Requirements: ground facilities needed ]

for viable civil tiltrotor operation. . . A-
. . , . 3. Facilities Requirements
IV - Operational Analysis: operations of different Y
configurations in each candidate market Also,
impact of higher cruise speeds. A A ! .
‘ o 4. Operational Analysis ( Contigurations
VvV - Economic Evaluation: investment costs, cash ] Al
operating costs, operator profitability.
~¢ b
i v i N A
VI - Technology Spinoffs: <NN technologies and 5. Economic Evaluation A
how they can be used in other applications. — \
VIl - Market Assessment: tiltrotor penetration of 6. ...mo::olo@.< Spinoffs
candidate markets. Critical tiltrotor features
needed. 2 e
Vill - Documentation: written and oral reports. 7. Market Assessment

8. Recommendations and Documentation

Civil Tiltrotor Study Process
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L ______________________________________________________________________

Methodology:
Candidate Markets Includes:

25,000~ 24,275 ¢ All Nonmilitary Helicopters
* All Nonmilitary Passenger

The objective was to identify the most promising
areas of potential commercial application of the civil

titrotor and thereby provide a focus for marketing 20,000 | Multiengine, Fixed-Wing
and engineering analysis. To do so, three different Turbine Aircraft (Less
perspectives were explored: Than 100 Seats)
¢ a3 survey of prospective users, to identify their 15,000 [
needs. Unit 14,140 , ,
* an extensive review of previous studies, to place s ; Fixed Wing 17,550

Helicopters 18,100
7,530 35,650 Units

T

the civil tiltrotor in historical perspective. 10,000

*  examinauon of existing nventories of fixed-wing
and helicopter aircraft, from standpoint of size,
range, and geographic distnbution, to identify 5,000 i~
appropriate market segments.

1,500 1,375 970
615 130( | I —
8-15 16-25 26-50 51-100

Design Seating Capacity

Existing Inventory (Size Distribution)

Includes:
User Groups Vehicle Applications 25,000 — * All Nonmilitary Helicopters
* All Nonmilitary Passenger
® Corporate/ ® High Density , Multiengine, Fixed-Wing
Executive Passenger 20,000 — (North America  Turbine Aircraft (Less
® Comm. Operators | ® Cargo/Package Than 100 Seats)
® Civil Government Express 15.000
® Offshore Oil ® Developing Region ) ,
® Other | ® Resource Units AL Central America
! Development 10,000 |- w:.nm .
{ ® Corporate/ Ll Oceania
Executive TN I||Imo.c§ America
® Public Services | 5,000 - Asia
1 - Europe
Surveys | 0
® Bell/Vertol/Aerospatiale/This Study | -
® 312 Potential Users ] Total Units Worldwide = 35,650

Market Surveys Existing Inventory [Geographical Distribution)
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Vehicle Design Guidelines

* \:27 denvative or technology base:
*  [win engines

composite arframe

titng wingtip mounted rotors

fiy-by-wire

advanced cockpit displays

* 600 nm design range, vertical takeoff with one
engme noperative (OEI Hover)

* 800 nmi design range with rolling takeoff from
750 ft field (STOL)

*  Commuter mission profile with FAR reserve fuel
requirements

* Al federal aviation regulations met for safety,
including Category A operations

* Ramp self-sufficency: airstairs, APU, powerback

* Helicopter NPRM for 30 sec emergency power
ratmng assumed

* Pressurized fuselage

* Normal passenger accommaodatons and
amenities:
¢ seaung at 30 in. pitch
* lavatories and galley [hot meal with
beverage)
¢ full cabin heating and ar conditioning
*  pressurizauon desired
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Study Resuits

The civil tiltrotor 1s a unique vehicle with a large
market potential. \-22 derivatives offer some market
penetration, but new designs are required to meet
full potential market. Pressurized versions, in particu-
lar, show a high potential in several markets.

The aivil tiltrotor is superior to multi-engine helicop-
ters in most conditions, in performance as well as
cost. Specific design studies for lower construction
and operating costs are required Lo assure maximums
viability in the civil marketplace.

For the civil tiltrotor to achieve full potential benefits
of congestion relief, a system infrastructure geared
to its unique capabilities is needed.

Six gltrotor configurations were analyzed, including
three V-22 derivatives. Several important conclusions
were reached about the configurations. V-22 deriva-
tives with new pressurnized fuselages and modest
engine growth can meet the 600 nmi design range
and carry over 50 passengers. Additional capacity
(still meeting the 600 nmi design range) is possible
with all-new configurations.

The civil tiltrotor can operate under current rules

govemning use of the airspace; however, changes
that exploit the unique characteristics and capabili-
tes of the titrotor will improve its competitiveness.

The importance to the commercial market of one
engine mnoperative (OEl) hover takeoff capability
cannot be overstated. However, if a very short run-
way (750 ft or shorter) is used, the OE!l hover range
can be more than doubled, as shown by the CTR-
1900 payload-range curve to the right.

Note: Categories Are
Mutually Exclusive
and Cannot Be
Added.
870
. 570 625
Units

400

6-15 16-25 2635 36-45 46-55 56-100
Seating .
Potential Market Demand (Year 2000)
200 .
p 19 Passengers \ uO/ Mission Demand
w er- \ ® High Density ® 400to 1200
M 12— Vertical POt a— ® Corporate/Executive ® 17510475
Takeoff Takeoff

m 8- Mode Mode ® Resource Development [® 85to 325
w ® Cargo/Package Express |® 80to 120

4t
s ® Low Density/Developing |® 20t085

0 | ] ] l | L1 Region

200 400 600 800 1000 1200 1400 X ; ,
Range (nmi) ® PublicService ® 35to75

Payload Range {CTR 1900} Potential Market Application [Year 2000)
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Recommendations:

The civil tiltrotor’s operational features are attractive
to commercial markets, and a very large market
potential awaits development of the tilttrotor.

To develop a viable market, however, not only the
aircraft—but an entire and cohesive tiltrotor trans-
portation system—is required. A national plan for
action needs to be developed, one which considers
all aspects of a transportation system.

To the passenger on a portal-to-portal tnp, the sys-
tem needs to be perceived as accessible, safe, afford-
able, and converient. Costs must be economically
Justifiable in terms of the value of time saved and
the ease of making the entrre trip.

In terms of competition, the tiltrotor does not have
the luxury of beginming at "“square one.” It will
come iNto service in a sophisticated, highly efficient,
and deregulated environment, the modern air trans-
portation system. It must compete on its merits in
this setting.

Tiltrotor arcraft promise both a solution and a
challenge. The U S. leads this technology. but efforts
outside the U.S. are also underway. Early U S.
development of a civil tiltrotor could create the
benefits of a new industry and a new transportation
system, but it carries risks: technical, operational,
regulatory, and financial.

With the foregoing in mind, the following elements
of a national plan for action on the civil tiltrotor are
recornmended:

* Continue studies to optimize tiltrotor configura-
tons through use of advanced technology and
low-cost designs.

* Develop an mtegrated cvil tiltrotor transporta-
tion system plan, including appropnate infra-
structure, gperating environment regulations
and a technology demonstration plan.

¢ Conunue the cooperation existing between
government, industry, and customers in follow-
on civil tltrotor development program.

0
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Recommendations: Testing, Simulation,
Demonstration

Flight testing and ground-based simulation work are
also recommended. These are needed to better
understand pilot workload and aircraft response to
an OEl condition during takeoff, landing, and transi-
tion, and to better formulate proper power margins.

For commercial service, route proving (with partici-
pation by FAA, airlines, and communities) will pro-
vide a better understanding of the operational
features of the tiltrotor and allow simulation of air
traffic control.

To accomplish these activities, a program plan needs
to be developed to validate acceptable technical

and operational criteria for civil tiltrotor transport
service. Much technical validation can be accom-
plished by computer simulation, wind tunnel testing,
and detall analysis, but the tiltrotor offers such a
new concept that it will require flight validation to
show proper integration of the technologies of pow-
ered lift, vertical takeoff, and transition to fixed-wing
operation. Data must also be accumulated to show
rehability of service equal to that of the present civil
air transport system. The plan will determine the
government/industry business arrangements, includ-
ing cost, tming, and participation. It will also identify
potential demonstrator aircraft, such as the XV-15,
V-22, V-22 derivative, or a new pressurized tiltrotor.

The plan should include an operations plan so that
the tiltrotor’s attributes and needs can be identified
to potential operators, requlatory agencies, and the
public. This will ensure an effective transportation
system and reduce market risk.

There are many areas to be evaluated: frequency of
service, locations for vertiports, facility needs, eco-
nomics of operation, IFR procedures, minimum air-
craft operating separation, public acceptance, and a
host of other factors. All of these can be examined
through a well-designed demonstration program.

The cost of a demonstration program, while signifi-
cant, is low compared to the public benefits antici-
pated and the value of reduced technological risk. It
would be an inexpensive contribution toward long-
term solutions of several national issues:

e U.S. pre-eminence in aviation

*  Airport congestion

e Technical and industrial competitiveness
* Balance of trade competitiveness

Recommendations:
Timing

Development of a civil tiltrotor transportation system
needs to be keyed to the military V-22 tiltrotor pro-
gram for maximum efficiency of development funds
and to reduce risks. The civil tiltrotor development
plan should augment and complement the V-22
program and must keep itself ahead of expected
foreign competition.
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Configurations:
Derivative Designs

V-22 mihitary tiltrotor derivatives are those in the
CTR-22 series (A, B, C, D). The CTR-22A/B are mini-
mum change configurations and retain the V-22
drivetrain and primary structure. All military equip-
ment, including cargo ramp, is removed; a passen-
ger interior with three-abreast seating, lavatory,
galley, and windows and doors is added.

The CTR-22B is the CTR-22A with uprated transmis-
sion. The design range that results 1s 600 nmi. Like

the CTR-22A, the CTR-22B carries 31 passengers in

an unpressurized fuselage.

The CTR-22C has the V-22 drive train and a new,
larger, pressunzed fuselage that carries 39 passengers
for the 600 nmi range. This is fully responsive to
market requirements. Passengers are seated three-
abreast. and luggage is carried inside the fuselage
rather than in the outboard sponsons of the
CTR-22A/B.

The CTR-22D expands the CTR-22C to a larger four-
abreast fuselage that seats 52 passengers. With 39
passengers aboard (like the CTR-22C|, the 600 nmi
design range is achieved. With a full foad of 52
passengers, the range drops to 280 nmi. Because of
the wider fuselage, the V-22 center wing section is
wider in this model. Moving the rotors outward,
while adding marginally to the design costs, creates
substantial benefits in reduced cabin noise levels
and better passenger seating. The CTR-22D should
be opumized for passenger capacity and engine
size.

Overhead Baggage Shelf

Wire Channel
Air Duct
Air Diffuser

\ Passenger
Control Panel

| L Air Return
LA— .»v
e e

Typical Section

Gall =
alley
Avionics /m::m:om Door Baggage ﬂwpso:,om Baggage
\ A o I
yd O o v o \_,s____s
Avionics puilary
£ Jat Space
T L]
/ . ! ]
/ Avionics
Avionics Baggage — Baggage
(——

CTR-22 A/B [V-22 Minimum Change)
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Configurations:
“All-New’’ Designs

Three ““alt-new™ civil tiltrotor designs were

developed:

®* The CTR-800, an 8-passenger executive tiltrotor
with XV-15-type configuration and similar physi-
cal size.

e The CTR-1900, a 19-passenger model with a
low wing, canard, and V' tail.

® The CTR-7500. a 75-passenger model with low
wing and conventional tail.

All designs make use of V-22 military tiltrotor tech-
nology, including composite structure, systems con-
cepts, and flight deck configuration. In addition,
they incorporate design elements related to civil
needs, such as pressurized fuselage, airstair, and
number of exits.

The CTR-800 is a design for corporate/executive
use, with appropriate accommodations for seating 8
passengers. In cross-section, the CTR-800 is larger
than the Lear Jet.

The CTR-1900 design resulted from a trade study
that compared various combinations of main wing
locations (high, low), tail configurations (V. "H,"”’
conventional), and use of canards. The CTR-1900
incorporates a low wing, 'V 1ail, and canards
Further study is needed to optimize relationships
between these elements, but initial results of the
trade study indicate this design has the lowest drag
and weight of those studied.

The CTR-7500 carries 75 passengers in a five-abreast
configuration. An alternate design would carry the
same number of passengers in a six-abreast arrange-
ment. Again, additional study is needed to deter-
mine the optimum fuselage and the tradeoffs
involved in the two-engine design versus designs
using three or even four engines.

- ——y——
v

f
Station
240.0

13ft1.0in L2 ft

Station
397.0

Lear 25/35

w Tiltrotor Executive
4 Transport

CTR-800
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Configurations:
V-22 vs. “’All-New’’ Designs

There is no simple answer 1o the question: which
are better, the V-22 derivatives or the all-new de-
signs? Both have their benefits—~and their markets.

it

The V-22 derivatives use an existing design, appro-
priately modified for aivil use. They use the \-22
propuision system, rotors, transmissions, controls,
and fiight decks, and technological advances inher-
ent in the V-22: composites, fly-by-wire, advanced
displays and control systems, and others.

The “all-new’’ designs also make use of \/-22 tech-

nological advances; in that sense, they are not “all-

new.’ But the CTR-1900 and CTR-7500 do differ

substantially from the CTR-22 series and offer a S Z

number of advantages:

* |ayout not restricted by dictates of aircraft car-
rier dimensions or the need for a rear cargo
door.

* No need for battle survivability (bladder fuel
tanks, ballisuc tolerance, etc .

® Fuselage design centered around passenger
needs (nde comfort, pressurization, inside
baggage storage, better cross-section, etc ). CTR-22C

¢ More emphasis on design/build in commercial
environment, resulting in potential cost savings.

Typically, emerging military tiltrotor technology will
emphasize advances in maneuverability and surviv-
ability; civil tiltrotor technology will emphasize fea-
tures leading to greater economies and comfort.
The challenge is to effect the maximum transfer of
technologies between the two, with the goal being
to maintain the momentum gained in both
programs—the V-22 and the civil tiltrotor.
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Markets: Desian Seati
Overview esign seating
Four major conclusions were reached about all the Corporate/ 0 25 50 75
candidate markets studied: Executive 6 I 20
e Civil market requires tiltrotors that meet its needs
(VTOL, OEl hover, pressurization, normal Public
amenities, low noise, high reliability, ali-weather Service 10
capability, competitive operating costs, safety).
o Civil tiltrotors, if produced with Resource
market-responsive features, will have a very Development
large market potential. Several sizes are needed
for various applications. Developin
* An emerging technology with new concepts, Imm_o:n 9
the tiltrotor must compete in 2 mature,
sophisticated, efficient, and deregulated Cargo/Pkg. Express
environment. It must do so on its merits. A..ummmm:o.mﬂ,mn:?m_m:omv 75*
* Because of the tiltrotor’s unique operational
features, it is anticipated that significant markets High-Density
will develop in unforeseen areas. Passenger 75
Design Objectives,
Specific conclusions for the individual candidate Capacity (Seats) (10) (18) (31) (40) (75)
markets are discussed on the following pages and Market Configuration: A A A A A
are summarized here:
* High-density: Tiltrotors with greater than CTR- CTR- CTR- CTR- CTR-
35-passenger capacity are desired. Supporting Study Configuration: 800 1900 22A/B 22C 7500

infrastructure must be developed for the
high-density market to be exploited.

® Package express: Advantages include later
pickup times and reduced ground times. Good

Market-Based Configurations

application for intra-metropolitan service, feeders

to trunk lines. Government Low Resource Cargo/ High
* Resource development (offshore oil): Current Corp/Exec Public Density Develop- Package Density

platforms limit tiltrotor size; newer platforms Service ment Express

accept larger tiltrotors. Better economics (versus . BEEE

helicopters} favor tiltrotor in this market. Maximum

, : L . . 11 12 1200

® Public service: Good potential in all public Potential 35 85 0 0

service areas. L
* Corporate/executive: Tiltrotors can replace both Nominal e (TR-228: 50t0 100

helicopters and airplanes in this market, a Market e CTR-22C: 100 to 700

decided advantage for customers. Penetration ® CTR-22D: 200 to 500

Demand: V-22 Derivatives
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Markets:
High-Density Market

The New York—Boston market was selected as
representatve of high-density passenger commuting;
the worst airport delays in the U.S. exist in this area
(see chart to right). As just reported by the FAA,
airlines logged an average of 2000 hr of delays per
day in 1986, up 25 percent from 1985. FAA predicts
that the number of seriously congested airports will
increase from 16 in 1986 to 58 by the year 2000.

Civil tiltrotors could capture one-third to two-thirds
of this market. Key to tiltrotor’s success is its VTOL
ability, perceived as a necessity at one or both ends
of each trip.

The VTOL capability would allow passengers to
begin and end their business trips near home, and
to arrive at their metropolitan business destinations.

Market penetration of the civil tiltrotor Is dependent
on the form of service made available to the com-
muter. Point-to-point service would account for a
64% market share; through-plane service would
draw 61% of the market; and connect-hub service
would draw 36% (see chart at bottom right). How-
ever, through-plane and hubbing service concepts
permit the use of fewer but larger aircraft. The re-
sulting economics of scale may be a factor in
achieving tiltrotor portal-to-portal cost parity with
today’s short-haul transport system.

Another factor will be the number and location of
vertiports. In the New York, Boston, and surround-
INg area, for example, 18 vertiports properly located
would yield good penetration. Initially, it is expected
that existing aifields could support some tiftrotor
service; single-purpose vertiports would be added as
service is more completely established.

Other high-density markets examined were Japan
and western Europe. In both areas, civil tiltrotor
would have good success, based on preliminary
analysis, but additional detailed study to the level of
detail of the New York—Boston corridor needs to
be performed.

100 —
80
Delays
Exceeding 60
15 min.
Per 1000
Operations 40

20

o
%S

g4 = <4 0o 73] pd Iowv
s2 hggdd £23%%

m oA~
Eastern Midwest Southwest West Coast
Delays at Major U.S. Airports
New York Boston Example
Optimum
Avg Tiltrotor Cash
Type of Service Trip Time Market Size Tiltrotors Cost
Advantage Share (Seats) Required®  (Per Pass.)
Point-to-
Point 2+ Hr 64% 36 60 Base
Through-
Plane 1:55 61% 62 45 -10%
Connect \0
Hub ”MU/IO 1:20 36% 76 20 -14%
o e
*Year 2000

Tiltrotor Potential Market Share
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Markets:
Resource Development Market

One of the best potential markets for the civil tiltro-
tor is in support of the resource development market
{i.e.. resupply of offshore oil and gas platforms). This
is currently one of the biggest and most successful
markets for larger helicopters, and the civil tiltrotor
has substanual economic advantages due to higher
cruise speeds and lower operating Costs.

Other resource development markets exist: logging.
mining support, resource exploration. But the pri-
mary market is offshore oil and gas.

The North Sea plateau was chosen as an indicative
market. It represents very large petroleum deposits,
and the bulk of its platforms are 150 nmi or more
offshore, an especially attractive range for the
tiltrotor.

The distribution of the world’s oil platforms is shown
on the map to the far right. The total number of
rigs is shown in tabutar form and the projected
market penetration for the civil tiltrotor is also
shown, As can be seen, the market is large: a total
of 324 CTR-1900 tiltrotors, 110 CTR-22A/B’s, or 86
CTR-22C's would be required to satisfy the market.

These numbers are conservative as they do not
reflect unexplored and undeveloped fields; indeed,
the greater range and speed of the tiltrotor could
well lead to additional exploration and development
activities, since current activities are limited, at least
in part, by the short range of available heficopters.

The numbers also do not reflect any other resource
development markets besides oil and gas. More
market analysis work is required to assess the extent
of this additional demand.

It should also be noted that even the first generation
of civil tiltrotors [i.e., the V-22 derivatives with un-
pressurized cabins) are clearly superior to current
helicopters. Future generations or refinements of the
bilrotor will be even more desirable in this market,

Units Projected

Total Percent
peroall Il B N
1900 22A/B 22C
North Sea 106 100% 51 17 13
Gulf of Mexico 210 198% 101 34 26
Middle East 74 70% 36 12 10
South America/Brazil 51 48% 25 9 7
Southeast Asia 37 35% 18 6 5
Far East 30 28% 15 S 4
Other South America 28 26% 14 5 4
Mediterranean 25 24% 13 4 4
West Africa 23 22% 12 4 3
Southern Asia 22 21% 1 4 3
Caribbean/Central America " 10% 6 2 2
Canadian East Coast 9 8% 4 2 2
Western Europe 8 7.5% 4 2 1
Alaska/Canada (Artic) 6 6% 3 1 -
Oceania 6 6% 3 1 -
United States West Coast 6 6% 3 1 -
Other Africa o) 5% 3 1 -
Alaska West Coast 3 3% 2 - -
Total 324 | 110 86

Note: The size categories are mutually exclusive and cannot be added
for total projected requirements

Tiltrotor Potential
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Markets:
Public Service Market

in the public service market, the customer is the
general public, and the costs are borne by the com-
munity. Primary missions include police and fire
department support, medical transport, drug en-
forcement, Coast Guard search and rescue, and
border patrol.

For the public at large, the tiltrotor offers improved
service in terms of flexibility and speed while at the
same time reducing the sound levels and possibly
the number of aircraft needed to do the same work,
Community acceptance should also be greater for
this machine because it looks more like the airplanes
the public has come to rely on for everyday busi-
ness activities.

Each mission has a slightly different set of require-
ments. In general, the civil tiltrotor was found to
have very good potential application to this market,
as discussed on the balance of this page and the
next.

Drug Enforcement

For drug enforcement work, speed, range, and
endurance are critical, as is the ability to take off
and land vertically from unimproved surfaces. The
mission involves interception and pursuit of druy
dealers on the ground as well as in the air, in all
types of weather, and usually with very little ad-
vance warning.

Key to mission success is having the right kind of
aircraft available when needed. Because of the
titrotor’s high speed, hover capability, and good
dependability, it is nearly ideal for the role—and can
suppiant both fixed-wing and helicopter aircraft.

The minimum change V-22 (CTR-22A/B) is an ideal
candidate; its range is good, it is fast, it is large
enough, and its rear ramp {if retained in the design)
would facilitate the rapid loading and off-loading of
law enforcement personnel. Additionally, the CTR-
22A/B has good ballistic tolerance against rifles and
more sophisticated weaponry.

Medical Transport

Emergency medical transport is a rapidly growing
sector of helicopter use. About 150 EMS programs
exist in the U.S.. transporting a total of 85,000 pa-
tients per year, including 6000 to 7000 in life critical
situations.

Tilrotor potential for displacing helicopters in this
market 1s excellent, especially where distances are
greater than can be easily handled by helicopters
alone. The ultrotor’s speed and range can reduce
transit ime and the number of patient transfers
required.

With the flexibility to land vertically in relatively
small cleared areas, the tiltrotor can pick up the
patient close to the initial site of medical interven-
tion. Pressurization and a good ride quality will
enhance the ability of the medical attendants to
accomplish their tasks and provide a stable environ-
ment for the patient. At twice the speed of a heli-
copter, the patient can be transferred to a major
medical facility where proper follow-on care can be
administered. With a range in excess of 600 nmi at
the lighter mission weights of a medical transport
role, the service area of a sponsornng hospital can
be dramatically increased, meaning increased reve-
nues for that facility.

For medical transport, a six-to ten-passenger tiltrotor
1s needed. The CTR-800, an eight-passenger model
with a pressurized cabin, meets this need well.

Coast Guard

Coast Guard search and rescue missions provide an
excellent market for ultrotors. Between 1979 and
1983, the USCG launched more than 145,000 air-
craft rescue missions, mostly to locations within the
150 nmi range of the new HH-65 helicopter just
put into service. Longer missions were handled by
the HH-3 helicopter {up to 200-300 nmi) or the
HU-35 Falcon jets.

The tiltrotor's range and speed make it ideal for
search and rescue. It has a long airborne time,
which will improve the ability to patrol areas for
survivors, and its ability to fly in all weather condi-

tions (generally bad during rescue missions) and to
hover without severe downwash effects would
improve rescue efforts.

The CTR-800 would be ideal for short-range recov-
ery. 91% of all short-range recovery missions in-
volve 10 or fewer people.

The CTR-1900 or the CTR-22 series would improve
retrieval success on longer range missions because
of their 600 nmi range, long search time abilities,
and the ability to rescue larger numbers of survivors
(longer range missions tend to involve larger num-
bers of people}. At the higher search speeds of a
tiltrotor, twice the area can be covered in a hour,
compared to a helicopter. Search area expands as a
function of time, so the tiltrotor's speed advantage
increases the odds of locating victims,

Police

Police applications would be in the area of long-
range prisoner transfer, high-priority personnel trans-
port, and for patrol, search and rescue, and
ambulance missions. The tltrotor’s versatility 1s an
important attribute for the diversity of police
missions.

The CTR-800 is the configuraton most likely to be
of interest for police applications.

Another potential new mission that relates 1o the
ultrotors range capability is long-range surveillance
of remote terrain.

Fire

Fire departments use VTOL aircraft for command
and control, rescue, search, and VIP transport. In
most cases, a small tittrotor would be an ideal substi-
tute for helicopters, especially where range, speed,
and endurance are important. For the fire rescue
mission, where large numbers of people are in-
volved, a larger tiltrotor {CTR-22 series] could be
used.

Smoke jumping is another ideal mission for the air-
craft because of its favorable downwash pattern
and hovering capability, allowing rappelling or para-
chuting into the path of a forest fire.
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Markets:
Cargo/Package Express

Package express service is growing rapidly, and the
tiltrotor offers several advantages in this market:
central business district to central business district
capability, VTOL capability to aliow rapid connection
with hubs for fonger-distance flights, same day ser-
vice, and low noise (especially important, since
most flights occur at night). The upward trend in
package express service will likely continue, driven
by the growing trend for businesses te minimize
inventories.

Several cargo configurations are shown to the left.
The minimum change V-22 {CTR-22A/B). with its
unpressurized fuselage and rear cargo ramp, is a
candidate for this service. It may well be, in fact,
that this market offers the best potential for *’proof
of concept” for this model.

A complete market study is required to obtain good
figures for tiltrotor market penetration. Preliminary
analysis shows some acceptance of tiltrotor, how-
ever, and an estimate was prepared based on the
hst of cities below and the number of tiltrotors re-
quired to serve each city. This yielded a market po-
tential of 80 units of the CTR-22A/B. With larger
machines, and their ability to carry intermodal con-
tainers, the potential market could be as high as
120 units.

Station 269

a

Type
LD-3

Type
LD-3

Station 463
i

Station 269

:

Type
LD-3

Type || Type
LD-3 J! LD-3

| 1 |

Station 463

CTR-22A/B

Type
LD-3

Type
LD-3

Type
/_.U-m

Type
LD-3

Type

D3 _\

Type
LD-3

CTR-22C

Cargo Configurations

North America
Atlanta
Boston
Dallas/Ft. Worth
Denver/Colorado Springs
Chicago/Milwaukee
Houston
New York/Long Island
San Francisco Bay Area
Washington D.C./Baltimore

Asia

Tokyo
Fukuoka
Nagoya
Osaka-Kobe

Latin America
Buenos Aires
Mexico City
Montevideo
Rio de Janiero
Sao Paulo

Europe
Amsterdam/Benelux
Cologne/Frankfurt
London
Manchester/Northern U.K.
Milan
Paris

CTR-7500
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Economics:
Operating and Maintenance Costs

The graphs opposite show an important reason for
the tiltrotor’s favorable operating costs, as compared
to the helicopter: lower costs of maintenance. They
also show a typical breakdown of maintenance
costs, indicating that over half of the maintenance
is in the propulsion system.

Equally important, of course, is how the tiltrotor
fares against fixed-wing competition. There, fixed-
wing aircraft have the advantage; their cash operat-
iNg costs are lower, to a large extent, because of
lower maintenance costs.

It must be noted, however, that operating costs teli
only part of the story. Revenues from operations are
the offsetting factor, and here the tiltrotor has a
potential advantage over fixed-wing aircraft: its
greater convenience and time savings can resuilt in
greater revenues per passenger.

In all analyses, it was apparent that the differences
iN maintenance costs accounted for most of the
differences in non-investment (cash) operating costs.
The fixed-wing turboprops were the cheapest to
maintain and the helicopters the maost expensive.
Tiltrotor costs reflect commercial service, with factors
to account for the turboprop mode (cruise) and the
helicopter mode (takeoff and landing).

® Includes Labor, Material, and Overhead

® Labor and Material Only Transmission

Fhight
Controls
12%

Fuselage

8% Engine

19%

All Other
Systems
24%

$2,000 —— o AllLabor @ U S. $16.00 per Manhour
® Burden Estimated @ 50% of Total Labor & Mat'l
® 1.0 Flight Hour Trip $1502 $1,567
Dollars/ \
. 1 |
Flight Hour $1,000 $849 \
$500 }—— $430 \
$180
$0 _ _ 74
Turbo- CTR- CTR- CTR-22A/B CTR-22C CTR-7500 Helo
Model prop 800 1900
Passengers () (31 (8) (19) (31) (39) (75) (31)
® Based Upon CTR-22A/B Rotors

Maintenance Costs
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Economics:
Market-Based Price

Faredriver methodology was used to develop
market-based prices. These were obtained by look-
g at fixed-wing and helicopter cash operating
costs and purchase prices, then backing into an
investment price required to make the tiltrotor eco-
nomically competitive.

For the high-density market, using New York-Boston
as an example where tiltrotor would compete with
fixed-wing fares, the tiltrotor must receive credit for
saved ground access costs {$37 averagej, plus a
credit of $20 for the value of commuter time saved,
if it 15 to be competitive to operators who want a
10% return on investment.

As indicated by the upper bar chart, the resulting
revenues will make the worth of the tiltrotor
roughly equal to its estimated cost to build (solid
arrows}. Target arrows are also shown on the upper
chart, to indicate 25 percent cost reductions targeted
to result from full integration of civil-only require-
ments during design and build.

The lower bar chart shows the offshore support
scenario, where tiltrotors would compete with heli-
copters. Tiltrotor values far exceed their cost to build
in this market, even when fares for helicopters and
tiltrotors are equal.

In summary, the civil tiltrotor concept is financially
viable, provided:

* Its unique advantages are exploited by a fully
developed infrastructure (vertiports, surface
transport interface, air traffic control).

* Tiltrotors large enough to allow economies of
scale—in operation and In cost to build—are
developed.

® Efforts are continued to provide a vehicle re-
sponsive to civil requirements.

e Joint government/industry efforts to develop a
civil tiltrotor transportation system are continued.

Equal Fare
(i.e. shuttle fare)

Equivalent Fare

y W

. Equal Value Fare
(Equivalent Fare + $20 value of time)

® No infrastructure cost
® Operator 10% ROl

(i.e. Equal Fare + $37 incremental ground access)

Dollars —» Cost To Build (average for 300 units) —
Target -
—> —>
Target --»
(Zero) _ _ 1
Model CTR-22B CTR-22C CTR-7500
Seats 31 39 75
Market-Based Price (New York/Boston Scenario)
® Price based on operating cost savings
A versus comparable helicopter
® 1500 hours utilization assumed
® Operator 10% RO
— Cost to build for 300 units
Dollars
(Zero)
Model CTR-1900 CTR-228B CTR-22C
Seats 19 seats 31 seats 39 seats

Market-Based Price {Offshore Oil Market)
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Other Issues:
Tiltrotor Operational Characteristics

Tiltrotors have excellent stability and responsiveness,
coupled with state-of-the-art flight deck control
capabilives. Since they employ both powered lift
and aerodynamic forces, they use conventional
airplane control surfaces {elevator, rudder, flapperon)
and tandem rotorcraft control (differential collective,
cydlic tilt, differential cyclic tilt). These are displayed
to the nght.

Control systems are triple-redundant, making use of
full authority digital fly-by-wire control that consists
of a primary flight control system. an automatic
flight control system, and a mission computer
avionics system. Coupled with advanced display
systems, these offer response and stability for
optimum handling.

Nacelle rotation accomplishes transition from hover
to wingborne lift. The rotor/propulsion system tilts
over a range of 97 degrees, and the nacelle angle is
synchronized with speed, as shown in the
conversion corridor chart. A conversion protection
system prevents the aircraft from inadvertent
excursions outside the approved airspeed/nacelle
corndor shown.

The civil tiltrotor’s flight envelope has been validated
by XV-15 performance, as shown at the far right.

As can be seen, the tiltrotor has a far broader flight
envelope than its fixed-wing or rotorcraft
competition.

Other Issues: Certification

Tilrotor certficatton is the subject of ongoing
dialogue with FAA. FAA's draft “Interim
Airworthiness Criteria for Powered Lift Transport
Aircraft’” was circulated for comment during this
study; an FAA/industry review was held in 1987,
Study groups will be formed to discuss specific
certification/operational issues, which include;

* One engine inoperative {OEI) performance
* [FR alternate fuel requirements

Control

VTOL

Pitch Al&

(Cyclic Lever)

_ro:@_ﬁca.:m_ Cyclic

e I

Thrust Al@

(Power Lever)

% Collective Pitch Command

Roll ‘Im

(Cyclic Lever)

Differential
Collective
| Pitch |

Lateral
Transiation
Mode

(Power Lever)

Lateral Cyclic

! \

Yaw T

—

(Pedals)

Differential
/\ Longitudinal Cyclic ,—
Left Rotor

Right Rotor

Tiltrotor Controis
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Other Issues:

National Aerospace System B |

Current National Aerospace Systems (NAS) were !

reviewed in light of the ultrotor’s operational Origin of the

characteristics. Tiltrotors can operate in the present Transitional Surface

air traffic control (ATC) environment, but with B o:_ /

abbreviated utilization of their operational A Plainiee e taiabe Obstacle Limitation A

capabilities. Summarized below are the changes in Final ¥ Surface

operating environment and 55&89:3,3.& rl < < Approachand|60m % AV wwoaL

would make tiltrotor shuttle service effective: Takeoff Area S00m

Navigation Alds. Flight procedures needtobe | | | L. 15m

developed to take advantage of latest radio naviga- \ 01_ \

ton aids, especially MLS {microwave landing sys- B Origin of the

rem). MLS spatial coverage, as shown to the nght, Transitional Surface

is far superior to current ILS. MLS could allow seg-

mented curve approaches that would allow aircraft 12

to avoid obstacles during approach and departure. 5% Siope o Slope —=

At airports, tiltrotors need to operate independently \ﬂ EEUHHEHEFIIIPWWHBH_HDHM s

of fixed-wing traffic. 500, Section A-A " Obstacle
o % Sy, . m/o% Transitional Limitation

Heliports/Vertiports. New terminal instrument Dg 50% Surface Surface

procedures {TERPS) are needed to support IFR opera- Section B-B

tions at vertiports and VTOL instrument flight rule

{IFR) operations at current conventional airports and
heliports. Particularly, the present obstruction sur-
faces shown at right need to be modified to take
advantage of advanced ATC control abilities and
improved navigation aids to fully exploit the civil Maximum Limit ~u e 20,000 ft
tiltrotor’s capabilities.

Heliport Obstacle Limitation Surfaces

Approach and landing minimums. New low-
weather minimums that take advantage of MLS and
stower tiltrotor approach speeds are needed.

0.9 ammv 20 nmi
Cockpit displays. Lower approach and landing Lower Limit
minimums can be supported with improved displays Aximuth X X

that show relevant terrain and obstacles.

: - -——-+ 0 deg
Alrways. Advanced ATC control capability and Centerline
radio navigation aids can also reduce lateral, longitu- i Extended
dinal, and vertical separations, aliowing greater 20 nmi

airway capacity.

Airports. For most effective service, tiltrotors should
operate independently of fixed-wing traffic. +40 deg

MLS Spatial Coverage Capability
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Other Issues:
Technology Spinoffs

Many of the technologies used on the V-22 airplane
program are being developed concomitantly with
other areas of the civil and military world. Such
items as advanced cockpit displays, fly by wire,
variable cycle constant frequency generator systems,
and advanced multiplexed data bus systems are
being developed by the avil and military industry.
Advancements in either improve the progress and
production readiness of the other and improve per-
formance, reliability, and efficiency of both.

The most significant of the advanced technology s
incorporated in the V-22 is the extensive use of
composites, offering reduced weight, increased
strength, decreased fatigue, corrosion, and mainte-
nance. To date, no commercial aircraft has used
more composites than the V-22.

The chart at the right reflects how the V-22 is ad-
vancing many technologies and how these develop-
ments strengthen the efficiency and productivity of
the V-22 as well as commercial transports.

Other areas where the V-22 program is pushing the
state of the are are in the realm of overall airplane

systems management, control and health monitoring.

Highlights of some of these advanced technologies
follow:

Thrust power management systems. Automatic
rotor speed control, drive system load protection,
OEl detection and compensation, and power shar-
ing between engines.

Engine and Transmission Health Monitoring.
Sensors on and inside engines and transmission
record the operation of critical components and
store this information in the aircraft’s computer for
corrective maintenance. This is a “‘first” for the rotor-
craft industry.

Thermoplastics. Simplified manufacturing, reduced
weight, reduced cost, reduced maintenance.

Carbon brakes. Lighter, more fade resistant.

Technologies

767

1995

Tiltrotors

Potential
Benefits

Structure

Composites
Control Surfaces
Empennage
Wing
Fuselage
Thermoplastics
High Strength Aluminum
Aluminum-Lithium

X X X X

XK XXX XXX

Flight Deck

Flight Management
System
Displays
Cathode Ray Tube
Flat Planel
Touch Panel
Laser Inertial Ref. System
Ada Software Language

XXX XX X

Systems

DataBus
ARINC 429
MIL 1553
DATAC (ARINC 629)
Signal by Wire
Control Surface
Brake/Steering
Signal by Light
Power by Wire
EMA
EHA
Carbon Brakes
Thrust Power
Management System
Variable Speed-Constant
Frequency Generator
lce Protection
Ice Release Paint
ice Phaobic Surface
Electro Impulse
High Pressure Hydraulics

XXxXX X X XXX XXX XXX

Code:

W =Weight

M = Maintenance/Reliability

S = Strength-to-Weight
L = Workload (Crew)

C=Cost
F = Fatigue
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National Issues

There are two basic forces at the national and inter-
national level that appear to have major implications
for civil tiltrotor development and related national
policy and planning: (1) strong global competition

in aerospace market [especially as it relates to bal-
ance of trade) and (2) significant congestion in the
air transportation system.

in recent years, numerous reports have appeared in
the popular press and many studies and review
panels have been created to address the trade defi-
cit. now a problem of massive proportions. In 1986,
the trade deficit was a record $177 billion. The
aeraspace industry was once one of the brightest
spots in this dismal picture. But the aerospace indus-
try’s balance of trade peaked in 1981 and has been
declining since. The European share of the commer-
cial jet transport market has grown from about two
percent in 1972 to more than 20 percent in 1986.
in total, foreign rotorcraft manufacturers’ share of
the world market grew from a few percent in the
1950s to about 50 percent in 1986. Currently. total
sales are depressed. The tiltrotor represents an op-
portunity to rejuvenate this market.

The general aviation segment of the U.S. aerospace
industry has all but collapsed. Between 1975 and
1980, as many aircraft were shipped in a single
month as were shipped in all of 1986.

There is a generally acknowledged narrowing of
Amencan technological leadership in electronics,
aerospace, and other areas that were exploited in
the past. in 1986, for the first time, overall imports
of high technology exceeded exports.

The growth and changes in air traffic and related
systems are also generally known and well under-
stood. Clearly, one of the most visible issues in the
wake of growing air traffic, hub and spoke operat-
ing systems, and related airline deregulation is con-
gestion and delay at major airports. Across the
board, flight delays are up.

Total
Helicopter Deliveries Percent Made
Worldwide (Annual) USA in USA
4,000 — Market Share —100
3,000 —~ 75
2,000 |- — 50
/ RN
N
\\/ Total N
7 I N
1,000 — 7 Deliveries N —{ 25
\\lll S~o
oL L=——= ] ] | l ] ] } Lo
1945 50 55 60 65 70 75 80 85
Source: Company Records

Helicopters

The previously cited {Introduction) "National Aero-
nautical R&D Goals, Agenda for Achievement”’
presented by the Presidents Office of Science and
Technology specifically discusses tiltrotor aircraft and
concludes that their capabilities should be consid-
ered for intercity transportation.

. Delays Per
Airport 1000 FLTS
Newark (New Jersey) 143
LaGuardia (NYC) 88
John F. Kennedy (NYC) 75
Logan (Boston) 74
San Francisco 61
O'Hare (Chicago) 51
Hartsfield (Atlanta) 50
Minneapolis-St. Paul 43
Washington National (D.C.) 34
St. Louis 34
US Average 39
Source: FAA Statistics for Jan-Sept. 1986,
as Quoted in USA Today, 11/17/86

Airport Delays
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